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ABSTRACT
Forensic dentistry has evolved from simple morphological investigations to genetic and molecular
analysis. One of the most important techniques is DNA analysis which requires viable samples
from an individual or crime site. The orofacial region can be a good source for DNA samples
because the tissues can resist environmental, thermal, electrical, and mechanical challenges. Teeth
are especially useful as a source of genetic material because the DNA located in the pulp is
surrounded by protective mineral tissue. The DNA in the pulp tissue is currently accessed through
destructive methods involving crushing, pulverization, and splitting the tooth. Unfortunately,
destructive methods destroy the morphology and histology of the tooth, preventing the further
collection of forensic information. In order to avoid the partial or complete loss of the tooth, our
research attempts to develop a non-invasive DNA extraction method from teeth.
The non-invasive method for the extraction of DNA from teeth involves an extraction buffer and
DNA purification. First, the tooth is cleaned and soaked in the extraction buffer for five days. The
extracted DNA is then purified using a single spin purification kit. This process aims to extract the
DNA from the dentin and cementum of the tooth without compromising the tooth’s structure.
Two trials were performed, one using human teeth and the other using dog teeth. The trials
provided some positive data. However, further research is required to confirm the quantity and
quality of DNA.
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INTRODUCTION AND BACKGROUND
Forensic dentistry has evolved from the morphological analysis of evidence to genetic and
biological evaluations.39 While soft tissue and blood are optimal for identification, non-invasive
techniques are more acceptable and popular. The oral cavity is a useful source of non-invasive
evidence. In many cases, the only source of DNA in human remains are bones and teeth because
they are able to withstand significant degradation. Teeth contain important forensic information–
morphological and genomic. Traditionally, the structure of the tooth is lost when performing DNA
extraction.35 This protocol explores the possibility of a non-invasive DNA extraction method from
teeth by targeting the DNA found within the cementum and dentin of the tooth. The composition
of the extraction buffer was derived from Dr. Michael Hofreiter’s protocol for a non-destructive
extraction method from arthropods and boney specimens .40

Discovery of DNA
The intricate details known about the chemical composition and biological functions of
DNA today cannot be credited to only one scientist. It took several scientists to build on each
other's discoveries to get to the conclusions that we can draw about DNA now. Early DNA
discoveries date to 1866 when Gregor Mendel investigated genetic inheritance with peas and
plants. The groundwork for DNA was then laid by Miescher, who studied the white blood cells of
humans . He identified the “nuclein” inside the nuclei while attempting to isolate protein
1

components of leukocytes. The unknown molecule he discovered, which Miescher called
“nuclein,” was later labeled as “nucleic acid” and finally “deoxyribonucleic acid.” The
“deoxyribo” refers to the sugar, and the nucleic acid refers to the phosphate and bases found in the
structure of DNA1.
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Levene, a former physician, determined several fundamental characteristics of DNA. He
discovered that DNA is made up of three main components: phosphate, sugar, and a nitrogen base.
He was also able to determine the existence of the carbohydrate component in RNA and DNA.
Levene’s proposals were fairly accurate1.
Albert Klossel then manifested the notion that DNA had a biological significance. He was
a German biochemist who further investigated the chemical composition of nucleic acids. He was
able to determine that the nitrogen bases of these acids were made up of pyrimidines and purines
that could be further categorized as adenine [A], cytosine [C], guanine [G], thymine [T], and uracil
[U]2.
In a famous paper published in 1944, Oswald Avery and his colleagues made a connection
between genetic information and DNA. Avery and his colleagues discovered that the genetic
material in a cell is made up of DNA by isolating it from one strain of bacteria and transferring it
to another strain. The DNA was able to carry on genetic information and confer characteristics of
the first strain onto the second strain3. Expanding on these fundamental findings, Chargaff
developed a paper chromatography method to separate and identify small amounts of organic
material. Chargaff concluded that DNA nucleotide composition varies among species while
maintaining similar properties. Through this experiment, Chargaff’s rule was coined. It states that
the total number of purines is equal to the total number of pyrimidines in a DNA molecule1. With
the continuous work of all these scientists, Watson and Crick (with uncredited work by Rosalind
Franklin) were able to derive the three-dimensional, double-helical, and antiparallel configuration
of DNA where the two strands are linked through hydrogen bonds and the 5’ end of one strand is
connected to the 3’end of the complementary strand1. The complementary nitrogen bases and
double-helical structure are shown in Figure 1.
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Figure 1. Chemical and Double Helical Structure of DNA1

Structure and Function of DNA
DNA is a polymer composed of a long chain of monomeric nucleotides. The general
structure of DNA includes a sugar-phosphate backbone and complementary bases, which are held
together by hydrogen bonds. This results in a double-stranded helical structure where the 5’ end
of a strand is paired in an antiparallel manner with the 3’ end of its complementary strand.
Following Chargaff’s rule, the purine adenine is paired with the pyrimidine thymine, and the
purine guanine is paired with cytosine. The arrangement of the nucleotide bases allows for the
formation of a genetic code. The DNA molecule is a stable structure allowing for a secure
replication process that is integral to the inheritance of genetic traits. The genome is divided into
a control region and a coding region. The genetic code from the control region enables transcription
and DNA replication. The coding region regulates protein production. The DNA sequences are
10

conveyed into messages for the production of proteins, which are essential for most functions of
living organisms. DNA sequences also regulate the time and the amount of proteins produced4.

Genetic Material in DNA
Genetic information is stored in chromosomes that are usually located in the nucleus of a
cell. Chromosomes contain dense protein-DNA complexes. Within humans, chromosomes contain
a total of 6 billion base pairs (bp). The DNA in our nucleus can also be labeled as nuclear DNA or
nDNA. Nuclear DNA encodes the majority of the genome in eukaryotes. It is passed down from
both parents, which makes nDNA distinctive to almost every individual. DNA can also be found
in the mitochondria of a cell. Mitochondrial DNA or mtDNA possesses 16,6569 bp. Unlike nDNA,
mtDNA is derived from the ovum and therefore is purely maternal5.
Both nDNA and mtDNA can be used to identify an individual. A sufficient amount of
nDNA allows for secure identification because it comes from both parents. In addition, the nDNA
can be readily matched to the nDNA from blood relatives. However, nDNA is not always available
because it is easily damaged under extreme heat or other conditions. Therefore, nDNA testing is
most useful when identifying whether an individual is the owner of a certain item or excluding an
individual as the source of DNA for evidence .
6

Although identification by means of mtDNA is typically not as robust as nDNA, small or
damaged DNA samples often present mtDNA. This characteristic of mtDNA is helpful for
identifications associated with cold cases, missing persons, mass disasters, and other samples
containing biological material such as hair fragments, bones, and teeth . Human identification
6

using mtDNA was first performed in 1986 to identify the remains of a human child discovered in
the desert. Using the mtDNA profile of the child, forensic scientists were able to identify the child
by matching the mtDNA to the remains of the mother7. The downside to mtDNA is that unique
11

identifications are not always possible because multiple individuals can have the same mtDNA
profile6.
For human mtDNA identification, hypervariable regions shown in Figure 2 are analyzed.
HV regions are segments in the control region where most of the sequence variations between
individuals occur. There are two main segments used for forensic purposes. The first region (HV1)
is found between 16,024 and 16,365 bp. The second region (HV2) is found between 73 and 340
bp. If additional polymorphic positions are needed, or the resolution of HV1 or HV2 is poor, a
third HV region can be identified. For example, HV3 is found between 438 bp and 574 bp7.

Figure 2. Human mitochondrial DNA genome7

For dogs, two hypervariable regions (HV-I and HV-II) separated by a Variable Number of
Tandem Repeats (VNTR) region shown in Figure 3 are analyzed where mtDNA comprises
approximately 1200bp. The VNTR consists of a 10 bp tandem repeat with variable repeat numbers.
This repeat region is often used in forensics because it consists of a high level of length
heteroplasmy8.
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Figure 3. Dog mitochondrial Genome8

Dental Anatomy of Humans
The average human has a set of thirty-two teeth consisting of premolars, molars, canines,
and incisors located in the oral cavity shown in Figure 4. Part of the tooth sits within the gum line
and possesses roots that are anchored to the jaw. Each tooth has a clinical crown, anatomical
crown, and roots. The shape and number of roots for each tooth may vary, but each tooth's structure
is generally the same. Every tooth is made up of the same four layers of enamel, cementum, dentin,
and pulp9.

Figure 4. The Oral Cavity of Humans11
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As shown in Figure 5, the enamel, which is created by ameloblasts, covers the clinical
crown and is exposed to the oral cavity as the first line of protection for the tooth. The ameloblasts
mineralize to form the translucent enamel, which is also the hardest substance in the body. As a
result, the enamel is able to withstand the stress applied by grinding and biting pressure. However,
it cannot regenerate and wears down over time, causing teeth to become sensitive. The cementum,
which is made from cementoblasts, covers the tooth's roots. With a hardness similar to bones, the
cementum anchors teeth in their sockets to the alveolar bone with fibers of the periodontal
membrane. In response to extreme stress, more cementum can be deposited at the root in order to
maintain the bite. Dentin sits beneath the enamel and the cementum, where it makes up the body
of the tooth. The tissue is yellow in color. Dentin is harder than bones but softer than enamel. The
odontoblasts that secrete dentin line the pulp cavity and can transmit pain, pressure, and
temperature to the nerve located in the pulp. It does so by means of odontoblastic projection
enclosed tubules12.

Figure 5. Anatomy of the Tooth12
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The pulp chamber resides at the tooth's center beneath the enamel, cementum, and dentin
layers. Unlike the other components of teeth, the pulp chamber is made up of various cells such as
histiocytes, fibroblasts, odontoblasts, macrophages, plasma cells, and mast cells. The tissue is
highly vascular and possesses a mass of connective tissue. The pulp chamber has two main
components: a central and peripheral region. The peripheral region is the cell proliferation and
differentiation site, while the central region contains large vessels and nerves extending into the
periphery12.

Dental Anatomy of Dogs
Most domestic animals are diphyodont, meaning that the animals possess two sets of teeth.
The first set is deciduous, and the second set of teeth is permanent or diphyodont. Humans and
dogs are both diphyodont13.
The oral cavity of a healthy adult dog shown in Figure 6 has a total of 42 teeth, 20
occupying the maxilla and 22 located in the mandible. While the oral cavity of a dog structurally
differs from the oral cavity of a human, the general anatomy of the dentition is similar. Dog teeth
are also made up of enamel, cementum, dentin, and pulp. However, dog tooth enamel is up to six
times thinner than the human enamel, making dogs more susceptible to tooth fracture15.
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Figure 6. The Oral Cavity of Dogs14

Genetic Material in Teeth
Identification methods require the detection, quantification, and analysis of DNA. The
DNA used for analysis comes from the nucleus or mitochondria. The tooth is arguably the best
source for the extraction of DNA. DNA can be found in all the vascular regions of a tooth. There
are fragments of DNA in the cementum, dentin, and pulp. In dentin specifically, mitochondrial
DNA is abundant because dentin contains cellular extensions. However, the pulp chamber contains
the most DNA as it is highly vascular and houses a network of fibroblasts12. The DNA is well
protected because of the enamel, dentin, and cementum surrounding it. They are calcified tissues
that allow them to be relatively resistant to thermal, electrical, mechanical, or environmental
destruction. Teeth may contain well-preserved mtDNA and can become a significant component
for the identification of individuals or mammals16.

UV-Vis Spectrophotometry
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UV-Vis Spectrophotometry is a light-based analytical technique that measures the amount
of wavelength of light transmitted through a sample compared to a control or blank sample. It
requires a high-intensity light source for both UV and Visible light ranges1718.
The components and light path of a UV-Vis spectrophotometer are shown in Figure 7. The
light source travels through a monochromator that is able to separate the light into a narrow band
of wavelengths. The light then passes through the cuvette, where the sample resides. Therefore, a
blank or reference sample alongside the experimental sample is imperative for all analyses. The
instrument later uses the reference sample signal to obtain the true absorbance values of the
analytes. Once the light is passed through the samples, the detector will convert the light into a
readable electronic signal. The process generates a spectrum by measuring and comparing the
intensity

of

the

incident

light

to

the

light

reaching

the

detector1718.

Figure 7. Spectrophotometer Components17

The intensity of light can be related to the amount of light absorbed by the sample. The
relationship between light intensity and absorbance can be quantified with Beer-Lambert's Law,
shown in Equation 1.
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Equation 1. Beer-Lambert’s Law17

The absorbance (A) is equal to the logarithm of the fraction of the intensity of light before
passing through the sample (Io) divided by the intensity of light after passing through the sample
(I). This fraction is also known as transmittance (T). Beer-Lambert’s Law is also useful when
determining the concentration of a solution or substance. For example, to determine the
concentration (c), the absorbance (A) is divided by the product of the absorptivity (ε) and the path
length (L)17.
Spectrophotometry can be especially useful for DNA and RNA analysis. It is able to
efficiently verify the purity and concentration of RNA and DNA. When preparing DNA or RNA
samples for further applications such as PCR and sequencing, it is important to confirm that there
is no contamination carried over from the purification process. DNA absorbance occurs at 260 nm.
In order to verify whether the sample is pure, the 260/280 nm-1 absorbance ratio can be useful.
Pure DNA typically has a 260/280 nm-1 ratio of 1.817. Buffer salts such as Tris, EDTA, and GuSCN
absorb at 230 nm-1. The absorbance of the buffer salts can elevate the absorbance at 260 nm-1
because of potential bleed over. This can manipulate the 260/280 nm-1 ratio by falsely elevating
the absorbance.45

DNA Purification
DNA purification is traditionally performed using silica suspension and a series of
buffers. DNA cannot simply bind to silica because the backbone of DNA and the surface of silica
are both negatively charged. This results in electrostatic repulsion. In order to accomplish binding
18

interaction between silica and DNA, chaotropic salt conditions are required. Only then does DNA
bind to the hydrophilic matrix of silica through hydrogen-bonding interactions. The DNA is
isolated and purified because polysaccharides and proteins do not bind well to the column. Any
remaining traces are removed with alcohol-based wash steps and salts.
The traditional technique suffers from limited binding abilities, low concentration of DNA,
and low purity19. DNA purification has been simplified to a single spin column process with new
and more environmentally friendly technology emerging. The single spin DNA Cleanup Kit was
developed by GenElute. This kit allows for an efficient purification protocol, reducing handling
time, contamination, plastic waste, and the use of hazardous chemicals20. The single spin
technology uses negative chromatography, where it separates molecules by size. Impurities such
as proteins, lipids, and ionic compounds are small molecules. These smaller-sized molecules are
trapped in the pores of the stationary phase of the column. Meanwhile, large molecules such as
DNA and RNA are unable to be trapped and can flow through the column. The protocol depletes
impurities and removes salt, detergent, nucleotides, primers, proteins, organic solvents, and other
inhibitors. Finally, the DNA is eluted with a Tris Buffer. The purification protocol is suitable for
DNA fragments, plasmid DNA, and genomic DNA. The eluted DNA can be immediately used for
downstream applications such as PCR and DNA sequencing20.

Polymerase Chain Reaction
Polymerase Chain Reaction (PCR) was developed in the 1980s by Kary Mullis. PCR makes
it possible to create billions of copies from a specific DNA sequence.21 DNA is first heated to
induce the separation of DNA into two pieces of single-stranded DNA. This heating process is
known as DNA denaturing. The main mechanism of PCR is based on DNA polymerase, an enzyme
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that catalyzes the synthesis of DNA and a template DNA strand. DNA polymerase synthesizes
DNA in the 5’ to 3’ direction, resulting in nucleotides only being added to pre-existing 3’OH
groups. The mechanism is shown in Figure 8. To add the first nucleotide, DNA polymerase
requires a primer. The primer is a short oligonucleotide that acts as the leader for DNA extension
and is complementary to the targeted sequence. The requirement of a primer enables the
delineation of a specific region of the template that needs to be amplified.2122

Figure 8. Polymerase Chain Reaction Cycle23

DNA Gel Electrophoresis
DNA Gel electrophoresis is an analytic technique that is able to manipulate DNA using
electrical current. Electrophoresis enables the separation, identification, and characterization of
DNA fragments that differ in size or base pairs. The media used for the separation of DNA
fragments is composed of agarose. The rectangular agarose gel contains wells that can be loaded
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with stained DNA samples and a DNA ladder shown in Figure 9.2425 The ladder produces
fragments with known base pair sizes and is run next to the unknown DNA samples as
reference. Once the loaded gel is placed into the electrode chamber, electrophoresis is performed
at a specified current and voltage. The current will run through the gel, causing the negatively
charged DNA to migrate to the positively charged cathode. In general, smaller fragments of DNA
move faster than larger fragments. This allows for the separation of fragments by size. The
appearance of DNA bands in the gel will indicate the length, purity, and quantity. The length of
the fragment is determined by referring to the ladder.25 The purity of the DNA is determined by
the number of bands that will appear. For this research, the appearance of one band will indicate
purity. The quantity of DNA corresponds to the intensity of the band.

Figure 9. TrackIt 100bp DNA Ladder26

DNA Profiling
DNA profiling has several applications, including identifying individuals in mass disasters,
suspects in crime scene investigations, and solving paternity or immigration cases. DNA profiling
can also be used in other forensic fields such as anthropology and archaeology because the
21

technique can provide information regarding physical characteristics, ethnicity, and sex
determination.27 A genetics professor named Alec Jeffreys discovered that some regions of one
individual's DNA differ from the DNA of another individual. The pattern recognition technique
was previously used for paternity and immigration cases before becoming a gold standard in
forensic science. DNA profiling was first used in a 1987 criminal case, where the murderer was
successfully identified using DNA evidence found at the crime scene and comparing it to the DNA
of men from the area.28
DNA contains regions where short sequences are repeated multiple times. The repetitions
occur in many loci of the genome. The different number of repetitions or the length of repetition
is used to distinguish between individuals. A DNA profile consists of a list of numbers that
represents the repeated units in each copy of 20 marker regions, also known as short tandem repeats
or STR. Each individual has two sets of STRs because chromosomes are inherited from both
parents. The profile is generated by extracting DNA from an individual and copying the DNA
region of interest using PCR. The copied markers are then separated using capillary
electrophoresis. The electropherogram will display peaks corresponding to the number of repeats
for each STR locus.29
The information obtained through DNA profiling created CODIS, a database where
summed-up STR repeats for a set of loci are entered for individuals. These DNA profile entries
now require at least 20 loci shown in Figure 10. The increase in loci enables more efficient sharing
of profiles internationally. At present, DNA evidence is not enough to convict an individual, but it
can help include or exclude a suspect. Unknown samples found at a crime scene can be compared
to the DNA profiles within the database. The unknown sample may not match an offender’s sample
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from the database, but it could match DNA from other unsolved cases. In this way, serial offenders
can be identified.30

Figure 10. Loci Locations29
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DENTAL IDENTIFICATION
Morphological Analysis
The morphology of a tooth alone can provide crucial details about an individual. Dental
morphology observes the minor structure of the crown and root. More specifically, the tooth's
grooves, ridges, and cusps are examined. Dental characteristics are highly heritable and do not
change shape once the tooth is developed. Anthropologists are able to use characteristics of teeth
to explain variations within and between populations. They do so by comparing the characteristics
to complex statistics. This allows for a deeper understanding of ancestor-descendant
relationships.31 Morphological analysis of teeth is also beneficial in criminal forensic cases and
human identification. For example, human remains were identified by comparing the discovered
teeth to existing dental records. This was done in 2017 when an entire set of bones was found in
the wreck of the 2014 Sewol Ferry incident in Korea. The wreck killed 304 individuals, and most
casualties were high school students. The forensic team checked the teeth found in the remains
and compared them to the victims' dental records. As a result, the remains were identified to belong
to the student, Heo Da-Yoon.32 However, tooth morphology may not be enough to retain any
concrete evidence to identify an individual. Teeth are used to obtain DNA confirmation because
they are frequently the only source of viable DNA.33

Invasive Methods
Current methods for DNA extraction from bones and teeth include the complete destruction
of the bone or tooth. There are three traditional methods currently used to extract DNA from teeth:
crushing, vertical/horizontal splitting, and endodontic access.
Crushing and grinding teeth is not a popular extraction method and is only done as a last resort.34
Before the tooth is crushed, the tooth morphology and histology are documented. Crushing the
24

tooth is not recommended because the protocol involves multiple cycles of decalcification and
purification where the tooth structure is completely lost, and DNA may not even be obtained.
Instead, scientists Sweet and Hildebrand established cryogenic grinding, where a freezer mill
cooled with liquid nitrogen pulverizes the tooth. This method is efficient and limits
contamination.3435
Vertical or horizontal splitting of the tooth opens up access to the pulp. The method requires
carborundum discs and heavy-duty gloves. While splitting the tooth, aerosols can reach the skin,
eyes, or mouth. Therefore, working under a hood is recommended. The carborundum discs and
distilled water are used to cut the tooth until the pulp cavity is reached. Distilled water is used to
avoid thermal damage from the friction between the discs and tooth. Once the pulp cavity is
reached, a chisel is used to split the tooth completely. This step protects the pulp from heat and
mechanical damage from the discs. After the tooth is completely split, the pulp containing the
DNA can be simply scooped out for further forensic analysis.34
The most advanced extraction method of DNA from teeth is the endodontic method. The
endodontic method utilizes the instructions given by the Dental Forensic Kit and the Quick Extract
FFPE DNA extraction Kit. This method generally accesses dental pulp through an endodontic
protocol, also known as pulp chamber perforation.3637 First, the distance from the occlusal surface
to the pulp chamber is measured using radiography. Then, a circular diamond bur with a diameter
of 1-2mm is used to perforate an opening into the tooth. The dental pulp is then removed with an
endodontic file, and the holes drilled into the tooth are then sealed. The extracted pulp can then be
treated with the FFPE DNA extraction Kit. While this method is modern and is able to preserve
most of the tooth’s structure, the protocol is extensive, and the tools required are high in
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cost.3638 In most criminal labs, DNA extraction is performed from a pulverized tooth. The same
destructive protocol was performed for comparison and validation.

Methods and Materials
The steps below entail the general protocol for all samples used for the invasive method. The dog
teeth were extracted and donated by an animal shelter.
1. Preparation of chemicals. 10% Chelex was prepared by adding 15mL distilled water to
1.5g of Chelex. A 1:1 mixture of Chelex and Proteinase K was created by adding 2 mL of
each into a 15mL tube.
2. Preparation of Teeth. The prior handling of teeth storage may be unknown, so all teeth are
subjected to a cleaning protocol. First, each tooth is scrubbed with a 0.5M EDTA pH 8.0
solution and a toothbrush.41 Once any dried-up tissue, dirt, or blood has been removed, the
teeth are exposed to UV light for a minimum of one hour.
3. DNA isolation. DNA isolation was performed with the Carolina mtDNA isolation kit.42
The source of DNA was obtained by crushing the tooth with a clean, sterile hammer and
grinding the tooth into a fine powder using a clean, sterile coffee grinder. The tooth powder
was placed into a 2 mL tube containing 300 µL of proteinase K/Chelex. The sample was
incubated at 37 ºC for 10 minutes, vortexed for 15 seconds, and boiled at 99 ºC for 8
minutes. The sample was then cooled in an ice bath for 2 minutes and vortexed for 15
seconds. The sample was then subjected to centrifugation for 90 seconds at full speed.
4. DNA purification. DNA samples were purified using the GenElute-E Single Spin DNA
Cleanup Kit. The spin columns are placed on a vortex and rested for 5 minutes in 2 mL test
tubes. After, the ends of the spin columns are snapped off, and the caps of the spin columns
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are loosened to avoid the creation of a vacuum. The spin columns were placed into 2 mL
reaction tubes and centrifuged for 1 minute at 1000 x rcf. Next, the 2 mL reaction tubes are
discarded, and the spin columns are placed into 1.5 mL reaction tubes. One hundred ten
microliters of the tooth extract sample were then transferred into the prepared spin columns
with a pipette. The cap was then placed back on the columns, and the cap was slightly
loosened. These were centrifuged for 1 minute at 1000 x rcf. The purified DNA will then
settle in the 1.5 mL reaction tubes as it flows down from the bottom of the spin column.20
5. Evaluation and Analysis. The possible presence of DNA was detected and analyzed with
UV-VIS Spectrophotometry and/or PCR. For PCR, two different dog primers were chosen
to amplify fragment A: 5’-TTA CCT TGG TCT TGT AAA -3’ (15341-15804) and
fragment B: 5’- CAT ACT AAC GTG GGG GTT AC -3’ (15746-16107). The master mix
consisted of 25 µL of Phusion PCR master mix, 20 µL microliters of DNA template
(concentration unknown), 5 µL microliters of forward primer (concentration 1 µL), 5 µL
of reverse primer (concentration 1 µL). The DNA templates were denatured at 94 ºC for
30 seconds. Then, primers are annealed at 50 ºC for 2 minutes. and the extension occurred
at 72 ºC for 1 minute. The cycle was repeated 35 times.

Non-Invasive Method
There is no standard protocol and procedure for a non-invasive DNA extraction method from teeth
that is able to preserve the tooth structure completely. The methods described below explore the
possibility of a non-destructive extraction method using an extraction buffer based on Dr.
Hofreiter’s DNA extraction protocol for arthropods and boney specimens.40 For the development
of a non-invasive protocol for teeth, the pH for the extraction buffer was lowered to 5.
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Materials and Methods
The steps below entail the general protocol for all samples used for the non-invasive method. The
human teeth were donated by a local dentist. The dog teeth were extracted and donated by an
animal shelter.
1. Preparation of Extraction Buffer. The extraction buffer is composed of 1.5M GuSCN,
0.02M EDTA,0.05M Tris-HCL, 0.025 NaCl, 1.3% Triton-X100, and 0.05M DTT. This
solution was prepared with a 5mL dilution using distilled water. In order to achieve an
aqueous solution, NaCl and Tris-HCL are added as they help with DNA partition. DTT
prevents the formation of disulfide bonds and functions as a “deprotecting” agent of
thiolated DNA. The guanidine thiocyanate is a chaotropic salt that causes cell lysis to the
dentine and cementum alongside Triton-X100. Guanidine thiocyanate also serves as a
protein denaturant and nucleic acid protector. EDTA, which is a metal chelator, also
protects the nucleic acid. Both guanidine thiocyanate and EDTA prevent DNase enzyme
activity. The final composition of the extraction buffer should be at a pH of 5. The
extraction buffer is light-sensitive, so the beaker was wrapped in aluminum foil and stored
in a dark place.
2. Preparation of Teeth. The teeth were cleaned following the same protocol as the invasive
method.
3. Soaking of Teeth. Each tooth was placed in a separate 50 mL Eppendorf tube. 5 mL of
extraction buffer was then added to each tube, submerging the tooth. The Eppendorf tube
with the tooth and extraction buffer is then placed in a shaker for 3 to 5 days.
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4. DNA purification. The same purification as the invasive protocol was performed with the
Gen-Elute Single Spin DNA Clean up Kit.
5. Evaluation and Analysis. The possible presence of DNA was detected and/or analyzed with
UV-VIS Spectrophotometry and PCR. The same PCR protocol as the invasive method was
used.

Human Control Validation
The possible contamination of the DNA samples extracted from human Teeth by the
individual handling the samples led to the solution of replacing the Human Teeth with Dog Teeth.
This would allow for the validation of the extraction method—the only source of the DNA is from
the tooth. While the primers for PCR were selected to amplify segments of the HV1 from dogs,
there exists a chance that the primers could also amplify Human DNA samples. The mammalian
loci are very similar. The difference in sequences often comes down to one single nucleotide. In
order to rule out the chance of the amplification of Human DNA, a control was performed. DNA
was isolated from hair sheaths and amplified using the primers from the non-invasive protocol.

Methods and Materials
The steps below entail the general protocol for all samples used for the human validation method.
The hair was extracted from the eyebrows of a student in the lab.
1. Preparation of chemicals. 10% Chelex was prepared by adding 15mL distilled water to
1.5g of Chelex. A 1:1 mixture of Chelex and Proteinase K was created by adding 2 mL of
each into a 15mL tube.
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2. DNA isolation. DNA isolation was performed with the Carolina mtDNA extraction kit. The
source of DNA was obtained from eyebrow hairs. Five hairs, including their sheaths, were
then placed into a 2 mL tube containing 300 µL of proteinase K/Chelex. The sample was
incubated at 37ºC for 10 minutes, vortexed for 15 seconds, and boiled at 99 ºC for 8
minutes. The sample was then cooled in an ice bath for 2 minutes and vortexed for 15
seconds. The sample was then subjected to centrifugation for 90 seconds at full speed.
3. DNA purification. The same purification as the invasive protocol was performed with the
Gen-Elute Single Spin DNA Clean up Kit.
4. Evaluation and Analysis. The possible presence of DNA was detected and analyzed with
UV-VIS Spectrophotometry and/or PCR. The same PCR protocol as the invasive method
was used. The human sample was also amplified with a primer for the human locus to
ensure that DNA was isolated and that the dog primers were unable to amplify human
DNA.
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Results and Data
Human Teeth Trial: Non-Invasive Extraction Method
Two cleaned teeth, one female and one male, were exposed to UV light for one hour. Each
tooth was then placed into 50 mL Eppendorf tubes containing 5 mL of the extraction buffer. The
prepared extraction buffer was a pH of 5. The two teeth samples were soaked in the extraction
buffer for five days. Next, I transferred 110 microliters of each female and male sample into the
prepped spin columns. This was repeated another 2 times for each gender, creating 6 total samples
to be purified. Finally, the purified samples were analyzed for the presence of DNA using UV-Vis
spectrophotometry.
Graph 1 suggests that there was some absorbance around 260 nm for all samples. There
might be a calibration issue with the spectrophotometer causing the peak to shift closer to 270 nm.
The DNA isolated from the samples is eluted with a Tris Buffer. The buffered salt absorbs at 230
nm. There is no component in the buffer that peaks at 270 nm. It is highly possible that DNA was
present and successfully extracted with the non-invasive protocol. However, it is also possible that
the absorption is caused by the contamination of proteins such as tyrosine and tryptophan, which
usually peak at 280 nm. In addition, the blank used to assess the absorbances of the samples was
distilled water. However, the samples are eluted with a Tris buffer. The usage of the wrong blank
could have resulted in the detection of the Tris buffer. This indicates that the data obtained from
the spectrophotometry is not completely accurate. Some other concerns could be the possibility of
human contamination. Specifically, the source of the DNA detected may not be from the tooth but
from the individual handling the DNA. Due to a lack of material and time sensitivity, no further
downstream applications were performed.

31

Graph 1. Spectrophotometry Spectrum of Extracted DNA from Human Trial
with distilled water used as blank
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Dog Teeth Trial: Non-Invasive Extraction Method

Two extraction buffers were prepared. The first one was made exactly like the extraction
buffer used in the human trial with a pH of 5. Then, another extraction buffer was prepared at a
pH of 8. This was accomplished by adding Tris-Base until the desired pH was reached. Next, two
cleaned dog teeth were exposed to UV light for 24 hours. One tooth was placed in one 50mL
Eppendorf tube containing 5 mL of pH 5 extraction buffer, while the other tooth was placed in one
50 mL Eppendorf tube containing 5mL of pH 8 extraction buffer. The same DNA purification
steps were performed after letting both teeth soak for 5 days in a dark environment. The purified
DNA was then stored in a freezer.
The extracted samples from the canine molars were first analyzed with spectrophotometry.
This time, the correct blank was used. The samples were also diluted with the Tris Buffer to fill
the cuvette. The UV-Vis spectra in Graph 2 show absorption at a wavelength of 270 nm for both
pH of 5 and pH of 8. The molar soaked in the lower pH buffer has a significantly higher absorption.
This means that there was a higher concentration of extract for the pH 5 extraction buffer. The
spectra are similar to that of the human trial. The spectrophotometer can have a calibration error
that could have shifted the DNA peak from 260 nm to 270 nm There is also a possibility that the
samples are contaminated with proteins such as tyrosine and tryptophan. These proteins also show
absorbance at 280 nm.
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Graph 2. Spectrophotometry Spectrum of Extracted DNA from Dog trial at pH 5 and pH8
with Tris Buffer as blank

The UV-Vis spectra for the non-invasive protocol did not present any concrete results.
Therefore, in order to confirm the presence of DNA and rule out contamination by human contact,
the canine teeth samples were subjected to PCR and Gel Electrophoresis. Two different primers
were selected based on Van Asch’s reserach.43 The two different primers amplify two different
fragments of the HV1 locus of the dog mtDNA. The first sequence to be amplified was 5’-TTA
CCT TGG TCT TGT AAA -3’ with a fragment length of 463 bp (15341-15804). The second
sequence to be amplified was 5’- CAT ACT AAC GTG GGG GTT AC -3’ with a fragment length
of 361 bp. The ladder used as a control was a 100 bp ladder that goes up to 2000 bp from TrackIt.
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The primers are likely not shown in Figure 11 because they are small and appear at 20-22
and 20-21 bp. This means that both primers could have run off the gel. Figure 11a displays the
initial gel analysis. However, the gel was poked, resulting in the bleed over of the ladder and a
bleed over from Well 8 to 9. Although bleed overs occurred, the bands shown in Figure 11a show
that there is DNA present at Well 8, 9, and 10. The DNA amplified by the first primer, which
appears at 463 bp, can be seen at Well 8 and 10. The intensity for the band in Well 8 shows that
the extraction Buffer at pH 5 is more effective at extracting DNA from the tooth. The DNA
amplified by the second primer should appear at 361 bp. There is a faint band at Well 9 containing
the DNA sample from the pH 5 extraction buffer and no band at Well 11 containing the DNA
sample from the pH 8 extraction buffer. This observation strengthens the conclusion that the pH 5
extraction buffer is more effective.
Due to the bleed overs, another gel was run (Figure 11b). In the second gel, only Well 8
containing the pH 5 extraction sample showed the presence of DNA. The lack of DNA presence
at Well 9, 10, and 11 may be because the DNA was stored in a fridge for more than a week.
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Figure 11 a-b. Gel electrophoresis of Non-Destructive Dog PCR ProductsWell 1 contains the
control ladder. Wells 3-6 contain blanks. Well 8 contains a sample of pH 5 and primer segment 1. Well 9 contains a sample of pH
5 and primer segment 2. Well 10 contains a pH 8 sample and primer segment 1. Well 11 contains a sample of pH 8 and primer
segment 2.

Validation: Invasive Method and Human Control
The validation through the invasive protocol and the human control shown in Figure 12
present no bands at all. The validation was unsuccessful because the chemicals were not stored
properly. The proteinase K was stored at room temperature and not at -20ºC, likely resulting in the
inability to isolate the DNA properly for either method.
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Figure 12. Gel electrophoresis of Invasive Method and Human Control
Well 1 contains the control ladder. Wells 3-4 contain blanks. Well 6 contains an invasive sample and primer segment 1. Well 7
contains an invasive sample and primer segment 2. Well 9 contains a hair sample and primer segment 1. Well 10 contains hair
sample and primer segment 2.

DISCUSSION AND CONCLUSION
The efforts to create a non-destructive and simple DNA extraction method from teeth and
bones would significantly impact forensics. The maintenance of the histology and structure of teeth
in forensics would enable the collection of more detailed and concrete information. In addition, by
creating an extraction buffer and simplifying the methods for further down stream application,
individuals working in crime labs, museums, or other forensic sites would not require significant
training or expertise of forensic odontologists to extract and analyze the DNA.
When examining the gel electrophoresis from the dog trials in Figure 11, DNA has
successfully been extracted from the teeth with the extraction buffer. However, the UV-Vis
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spectrophotometry results in Graph 1 and Graph 2 provided little useful data because the
calibration error was unable to be confirmed. Overall, the data presented in this research does not
provide enough positive and consistent results. In order to confirm that the methods in this research
are working, the human control has to be performed, and the extraction protocol has to display
consistent results. Once, the extraction has been validated, more research is required to answer
questions such as: Does the extraction buffer alter the outer surface of the tooth? How much
mtDNA can be extracted with this method? How pure is the mtDNA extracted?
Another study, developing a minimally invasive protocol for DNA extraction from ancient teeth,
raises similar questions. The protocol in the study utilized a proteinase K extraction buffer
composition and produced some positive data as well. Similarly, this study has shortcomings as it
considered possible contamination by individuals handling the experiment.44
Considering the future of this project, the possibility that the dog primers can amplify
human DNA has to be ruled out. It would also be beneficial to be more matriculate and make
structural observations before subjecting teeth to the extraction protocol. In addition, DNA
extraction with the Proteinase K buffer from Harney’s study and the GuSCN buffer used in this
research should be performed on canine lupus teeth and compared.44While further work is required
to develop a successful protocol, the data provided in this research is enough to indicate a future
of non-invasive DNA extraction methods from teeth.
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